Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) is currently the third leading cause of malignancy-related mortalities worldwide.[@CIT0001] The two drugs that FDA has approved for treating advanced HCC, as a first line therapy, are sorafenib and lenvatinib.[@CIT0002],[@CIT0003] Nevertheless, the limitations of accessibility to these drugs in developing countries guarantee that HCC is still enormously restrict the clinical applications and underscore the need for new therapeutics.[@CIT0004],[@CIT0005] Compared to free drugs, nanoparticles have several advantages: passive targeted into the tumor site due to the enhanced permeability and retention (EPR) effect; reduced side effects, etc.[@CIT0006] Therefore, a number of strategies using nanoparticles such as Nano-structured lipid carrier (NLC), which is called the second generation lipid nanoparticles have been applied in the field of cancer therapy.[@CIT0007],[@CIT0008] By adding liquid lipids to solid lipids can delay drug leakage and increase drug entrapment efficiency and drug loading.[@CIT0009] The NLC is composed of a blend of the solid lipid and the liquid lipid leading to a crystal structure with more imperfections and therefore with more room for drug accommodation especially for hydrophobic drugs.[@CIT0010] Nowadays, fatty oil has an important application in many nanomaterials (NMs) of traditional Chinese medicine. Indeed, some active fatty oil enable effectively replace the liquid lipids to reduce unnecessary excipients and improve safety.[@CIT0011],[@CIT0012]

According to the theory of "unification of medicines and excipients", the curative effect of the preparation is not only determined by the activity of the active components, but also by selecting the liquid lipids with certain pharmacological activity.[@CIT0013] At present, coix seed oil (CSO) has been widely used as "unification of medicines and excipients" in microemulsion to treat HCC because of their anti-cancer effects and excellent excipient property.[@CIT0014],[@CIT0015] As for CSO, it has no adverse effects on heart, liver, kidney and hemopoietic system, which encourages patient compliance to improve.[@CIT0005] Furthermore, the anti-tumor effect of CSO involves inducing tumor apoptosis,[@CIT0016] inhibiting the formation of new tumor vessels, enhancing the immune function,[@CIT0017] modifying cytokine levels and reversing multidrug resistance.[@CIT0018] The application of Kanglaite (KLT) injection and soft capsule can be a powerful example. It is the first anti-HCC drug that its main ingredient is fatty oil from coix seed.[@CIT0016] For now, inspired by the"unification of medicines and excipients", screening of CSO with the other synergistic drug, for example, flavonoids, encapsulating them into a nanoparticle (NP) system will be expected to render cancer cells more susceptible to apoptosis than administration of the two drugs separately.[@CIT0019]

In this study, Naringin (NG) was determined as an anti-hepatoma model drug, a NG-loaded NLC containing CSO as liquid lipids (NCNLC) was developed and characterized. Importantly, the innovation of this study is that CSO replaces a conventional liquid lipids when creating a NLC, thereby improving drug loading efficiency and addressing the issue of creating a dual-drug NLC in a smart manner. In addition, the formulation evaluation and pharmacodynamics of the NCNLC over other conventional liquid lipids NLC were also evaluated with regard to cellular cytotoxicity and apoptosis, as well as the nude mice bearing HepG2 xenografts. Furthermore, the preliminary immunologic effects were also investigated.

Materials and Methods {#S0002}
=====================

Materials {#S0002-S2001}
---------

According to the single-factor test and response surface optimization test, the extraction process of CSO was investigated by ultrasonic hydro-enzymatic extraction from *Coix lacryma-jobi*[@CIT0020] (Refractive index: 1.451, acid value: 0.58, iodine value: 103, saponification value: 171, relative density: 0.917; The contents of 1, 2- oleic acid −3- linoleate and trioleate were 1.43±0.11% and 1.72±0.09%, the characteristic map of CSO was established by HPLC-ELSD as well). HepG2 cells were purchased from Shanghai Branch of China Science Academy. NG was purchased from Shanghai Standard Technology Co., Ltd. (purity \> 98.0%, Shanghai, People's Republic of China). Glycerin monostearate, Tween-80, Oleic acid and neodecanoate triglycerides were obtained from Shanghai Ziyi Reagent Co., Ltd. (Klamar^®^, Shanghai, People's Republic of China). Minimum essential medium, fetal bovine serum (FBS), penicillin-streptomycin solution and phosphate-buffered saline (PBS) were provided by Thermo Fisher Scientific Inc. (HyClone^®^, Waltham, MA, USA). Annexin V-PE assay kit were both provided by KeyGen Biotech Co., Ltd (Jiangsu, People's Republic of China). The water used in this study was produced by Direct-Q 5UV Milli water purification system (Millipore, Billerica, MA). The other chemical reagents were of analytical grade, unless otherwise statement.

Animals {#S0002-S2002}
-------

BALB-nu nude mice (6--8 weeks old, 18--22 g weight) were purchased from Slater Laboratory Animal Co., Ltd (Shanghai, China), and housed under standard laboratory conditions. All animal experiments had been approved and complied with the Ethics committee of Shanghai university of Chinese medicine and Animal Management Rules of the Ministry of Health of the People's Republic of China. The animal use license number is: SYXK(HU)2014--0008.

In vitro Synergistic Studies of CSO Combined with NG {#S0002-S2003}
----------------------------------------------------

Five thousand of HepG2 cells were seeded in a well of 96-well plates for 24 h. The complete MEM medium was replaced with 100μL of different formulations, including NG (dissolved in isopropanol with 0.1g/L), CSO (dissolved in isopropanol with 0.05g/L, 0.1g/L, 0.2g/L, 0.5g/L, 0.8g/L, 1g/L, 1.5g/L) and different synergistic ratio of the two drugs combination formulation. After treatment for 24 h, the cells were stained with 10μL of the CCK-8 for 2h. The absorbance was detected at 450 nm using the microplate reader.[@CIT0019] The cell viability and Synergistic Q value were calculated by the following formulas, respectively. Cell proliferation inhibition rate (%) = (absorbance of control−absorbance of sample)/absorbance of control; Q=Eab/(Ea+Eb−Ea×Eb), Eab represents the inhibitory rates of different synergistic ratio in combination formulation, respectively; Ea and Eb represent the inhibitory rates of single component, respectively.

Preparation of NCNLCs/NONLCs/NDNLCs {#S0002-S2004}
-----------------------------------

The NCNLCs were prepared using the ultrasonic melt-emulsification method as reported before, with some modification. Briefly, the liquid lipids were composed of glycerin monostearate, CSO, and NG at a ratio of 5:5:1 and was melted by heating to approximately 60°C. The factor of preparation for single-factor investigation, and the horizontal coding of independent variables is shown in [Table 1](#T0001){ref-type="table"}. Moreover, on the basis of the results, box-behnken experimental design scheme was adopted as shown in [Table 2](#T0002){ref-type="table"}. The formulation and preparation are 75 mg of glycerol monostearate, 15 mg of naringin, 75 mg of CSO/neodecanoate triglycerides/oleic acid, 250 mg of tween-80, 10 mL deionized water, stirring 10 min to form colostrum, ultrasonic cell disruptor (power 100 w) ultrasonic dispersing 25 min, then putting to ice water, though the 0.22 μm microporous membrane filtration.Table 1The Factors Level Table of Single Factor TestFactorsLevelLipid ratio0.5%, 1%, 1.5%, 2%, 2.5%Emulsifier dosage1%, 1.5%, 2%, 2.5%, 3%Stirring time5 min, 10 min, 15 min, 20 min, 25 minUltrasonic time5 min, 10 min, 15 min, 20 min, 25 minUltrasonic power35w, 65w, 100w, 130w, 165w Table 2The Factors Level Table of Response SurfaceFactorsLevel−101A lipid ratio (%)11.52B ultrasonic time (min)152025C ultrasonic power (w)65100130

Characterization of NLCs {#S0002-S2005}
------------------------

The surface morphologies of NCNLCs were observed by a Transmission Electron Microscope. Diluted NCNLCs were placed on a carbon-coated copper grid, negatively stained with 2% phosphotungstic acid, and then observed with TEM. The particle size, polydispersity index (PDI), and zeta potential NCNLCs were analyzed using dynamic light scattering with a Zetasizer n90 (Malvern Instruments, Malvern, England). The average particle size was expressed as volume mean diameter.

The drug encapsulation efficiency (DEE) and drug loading efficiency (DLC) were analyzed by sephadex microcolumn centrifugation,[@CIT0021] and UV spectrophotometry could be employed to determine the DEE and DLC at 280 nm.

DEE was calculated as follows: DEE (%) = weight of (total drug - free drug)/weight of total drug ×100

DLC was calculated as follows: DLC (%) = weight of (total drug - free drug)/weight of total drug and lipid carriers ×100

In vitro Drug Release Profiles {#S0002-S2006}
------------------------------

In vitro release of NCNLCs, NGNLCs, NONLCs were carried out using a modified dialysis method. Briefly, different formulations were added to dialysis bags (molecular weight cutoff 10 kDa) separately, followed by immersion in 100 mL of release medium (0.2% Tween 80 in PBS, pH 7.40 and 5.00, respectively) at 37°C with stirring at 100 rpm. At predetermined time intervals (0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 22, 26, 30, 36 hrs), 1 mL of sample was withdrawn, replaced with equal volume of fresh buffer solution with the same pH value.[@CIT0022] The amount of NG released was determined using UV spectrometer (UV-1800, Shimadzu, Japan) at 288 nm.

In vitro Cytotoxicity Studies {#S0002-S2007}
-----------------------------

The cytotoxicity of NCNLCs against HepG2 cells was investigated using conventional CCK-8 method. The HepG2 cells were seeded into 96-well culture plates at a density of 1×10^4^. Afterwards, the culture medium was removed, and 200 µL of the various concentrations of NCNLCs/NONLCs/NDNLCs, and the mixture of NG and CSO and a negative control (200 µL of fetal bovine serum-free culture medium) were incubated with the cells at 37°C for 24 hrs. The cells were stained with 10μL of the CCK-8 for 2h. The absorbance was detected at 450 nm using the microplate reader. The results were expressed as a percentage of the absorbance of the negative control. Half-maximal inhibitory concentration (IC~50~) values of samples were calculated.

In vitro Apoptosis Studies {#S0002-S2008}
--------------------------

The strong apoptosis inducing ability of CSO has been validated previously in HepG2 cells.[@CIT0023],[@CIT0024] To investigate the synergistic effect of NG and CSO, the cell apoptosis after treatment with various formulations was studied by flow cytometry using Annexin V-PE apoptosis detection kit. In brief, 5.0×10^5^ HepG2 cells were seeded into 6-well plates per well for 24 h. Next, the CSO concentrations of various formulations including NCNLCs, NONLCs, NDNLCs, and free drugs of NG and CSO at the ratio of 1:5 were adjusted as 10 μg/L, respectively. After incubation for 24 h, the cells were trypsinized by ethylenediaminetetraacetic acid-free pancreatin, rinsed with ice-cold PBS thrice and resuspended in 500μL of binding buffer successively, which was followed by adding 5μL of Annexin V and PE. At the end of the staining for 30 min at 4°C, the apoptotic induction was evaluated immediately by flow cytometry.

In vivo Antitumor Efficacy {#S0002-S2009}
--------------------------

It has been found that various immunosuppressive factors, including interleukin 6 (IL-6) and interleukin 10 (IL-10) are frequently enriched in the tumor microenvironment and facilitate tumor immune evasion.[@CIT0025],[@CIT0026] In this experiment, the antitumor activity of NCNLCs was evaluated in BALB/c nude mice generated by subcutaneous injection of HepG2 cells (8 × 10^6^per mouse) into the right axilla. The mice were randomly divided into five groups (n=6) on day 10 post-xenograft implantation, treated with NCNLCs, NDNLCs, NONLCs, KLT and 0.9% saline as a control 20 mg/kg once daily for 10 days by intraperitoneal injection. The tumor inhibition was calculated according to the formula: $$\documentclass[12pt]{minimal}
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where Wt and Wc represent the mean tumor weight of the treated and control groups, respectively.

Preliminary immunologic effect of spleen was also investigated by weighing various tissues known to have an immune function. Body weight was recorded in each group as an indirect indicator of general toxicity. IL-6 and IL-10 levels were detected as a preliminary immunologic evaluation at the quantitative level by enzyme-linked immunosorbent assay (ELISA) kit at 37°C. All efforts were made to minimize the suffering of the animals and to reduce the number of animals used and the mice were humanely sacrificed post-experiment.

Results and Discussion {#S0003}
======================

In vivo Synergistic Studies {#S0003-S2001}
---------------------------

Importantly, both of CSO and NG had their certain dosage regimen in the clinical application.[@CIT0027] Therefore, it is essential to find the synergistic ratio of encapsulated NG to CSO. According to the synergistic studies of CSO combined with NG, with the cell inhibition rate result is shown in [Figure 1A](#F0001){ref-type="fig"}, the calculation of the Q value were 0.83, 0.98, 1.12, 1.35, 0.82, 0.83of the ratio 2:1, 1:1, 1:2, 1:5, 1:8, 1:10. When Q \> 1.15, represents the two drugs have synergistic effect, 0.85 ≤ Q ≤ 1.15 represents additive effect, Q \< 0.85 represents antagonistic effect.[@CIT0028] In all the groups with different proportions of administration, the cell proliferation on inhibition rates in the synergistic administration groups were all higher than that in the single administration group. Moreover, at the ratio of 1:5, Q = 1.35, which characterized as obvious synergy effect, and the rest of the synergistic proportion were just as additive effect. The preliminary findings suggested that the synergistic ratio of 1:5 displayed the most obvious HepG2 cellular inhibition among all the combination of NG and CSO in cytotoxicity. Finally, the group was divided into NG+CSO with a ratio of 1:5 as the best synergistic result.Figure 1Antitumor efficacy study in vitro.**Notes:** (**A**) Effect of different ratios of CSO and NG on HepG2 cells (n =3); ^\#\#^*P*\< 0.01vs COS group; \*\**P*\< 0.01,\**P*\< 0.05 vs NG group. (**B**) Antiproliferative effects of free NG+CSO and NLCs formulations against HepG2 cells for 24 h by CCK-8 method (n=3). (**C**) IC~50~ of free NG+CSO and NLCs formulations against HepG2 cells for 24 h by CCK-8 method (n=3, \**P*\< 0.05, \*\**P* \< 0.01).

Preparation and Characterization of NCNLCs {#S0003-S2002}
------------------------------------------

According to the experimental results, we obtained the following prescription and preparation method: an aqueous phase was prepared by dissolving Tween-80 250 mg, in double-distilled water and made up to 10 mL at 60°C. This aqueous surfactant solution was then heated with stirring to the same temperature as the lipid matrices. The oil phase was rapidly injected into the hot surfactant solution using a mechanical agitate (1000 rpm, 10 min). Next, the aqueous phase was sonicated using a probe sonicator together with the oil phase at 16.5% of the wattage employed in the ultrasound source for 25 mins. The produced emulsion was soaked in chilled distilled water for 20 mins, and then, using 0.22μm filter membrane for filtration. Single NG-loaded NLCs were prepared by the same method with the replacement of CSO to other conventional liquid lipids, oleic acid and neodecanoate triglycerides, named naringin-oleic acid NLC (NONLC) and naringin-neodecanoate triglycerides NLC (NDNLC). The produced formulations were stored at 4°C for further investigations.

Particle size and the PDI are important features of NLC, from which the stability of these NPs when drug-loaded can be predicted. Particle size can influence the distribution of nanocarriers, small particle size is an advantage for NLC because it decreases uptake by the liver, prolongs circulation time in the blood, and improves bioavailability.[@CIT0029] NCNLCs displayed a small size around 50 nm, which was speculated to have the potential for deep tumor penetration.[@CIT0030],[@CIT0031] Moreover, when NCNLCs extravasated in the tumor tissues while prohibiting the carriers to exit the capillaries in normal tissues, an ideal targeting goal would be achieved.[@CIT0032]--[@CIT0034] And the NG encapsulated in NCNLCs can be accumulated efficiently in tumor sites because of the enhanced permeability and retention effect (EPR).[@CIT0035] In addition, a narrow polydispersity index (0.29) indicated an acceptable preparation technology. More importantly, the zeta potential is a key factor in prediction and evaluation of the stability of a colloidal dispersion.[@CIT0036] The zeta potential of NCNLCs was distributed between −3.5 mV and −5.2 mV, a lightly negative charge, suggesting good stability and high cellular uptake, and also facilitating the delivery of NCNLCs to the negatively charged cancer cells.[@CIT0037] The DEE and DLC of NG encapsulated in NCNLCs were 91.77±0.48%, and 6.96±0.02%, separately ([Figure 2C](#F0002){ref-type="fig"}). In order to investigate the influence of CSO as liquid lipids, the morphology of NCNLCs was also determined in [Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}, displayed as spherical particles with around 50 nm, which was essentially in agreement with the results of photon correlation spectroscopy analysis. We conducted a preliminary stability evaluation of NCNLCs. After 30 days at 4°C, the result of [Table 3](#T0003){ref-type="table"} showed only a slight decrease of DEE of NG, but no significant decrease. Preliminary results show that NCNLC has good stability.Table 3Particle Size, PDI, Zeta Potential, DEE and DLE of NCNLCsSampleParticle Size (nm)PDIZeta Potential (mV)DEE of NG (%)DLE of NG (%)NCNLCs38.77±0.250.29±0.01−4.40±0.8791.77±0.486.96±0.02 Figure 2Preparation characterization of NLCs.**Notes:** (**A, B**) TEM image and particle size distribution of NCNLCs. (**C**) In vitro NG release at pH 7.40 and pH 5.00.

In vitro Release Behavior of NCNLCs, NONLCs, NDNLCs {#S0003-S2003}
---------------------------------------------------

In vitro NG release behaviors of NCNLCs, NONLCs, NDNLCs at pH 7.40 and 5.00 were performed using the dialysis technique and data are shown in [Figure 2C](#F0002){ref-type="fig"}. The results showed that there was a noteworthy burst drugs release during the first 8 h, followed by a sustained release in the subsequent 36 h from the NLC formulations, indicating that the drug release from NPs generally takes place by several mechanisms, including surface and bulk erosion, disintegration, diffusion and desorption.[@CIT0029] This sustained release of drug from NPs is due to homogenous entrapment of the drug. Moreover, the releases of drugs from NDNLCs and NONLCs were both slower than NCNLCs in pH 7.40 and 5.00, indicating high drug release while using CSO as liquid lipids in NCNLCs, which is due to the high solubility of the main ingredient, glyceride. Furthermore, the release of NG in the acidic condition was faster than that of neutral environment. This difference in release seen at different pH values were attributed to the stability of CSO under conditions of mild acidity. In addition, a pharmacokinetic model was used to describe the in vitro release of NG in NCNLCs, set the release rate as *Q*, the release time as *T*. The zero-order kinetics model (R = 0.89), first-order kinetics model (R = 0.95), HIGUCHI curve (R = 0.89), and RIGGER curve (R = 0.51) were used for simulation. The results showed that the first-order dynamic release model could best simulate the drug release in vitro (*r* \> 0.95). At pH 7.40, the release equation is: ln(1-*Q*) = −0.039*T* - 0.148; At pH 5.00, the release equation is: ln(1-*Q*) = −0.031*T* - 0.179, which indicated that NCNLCs had a good sustained release effect because of the combination of solid oil and CSO. In general, the in vitro release profile shows that NLCs formulations have the capacity to release NG at a sustained rate, thus beneficial to free enough drug at tumor extracellular and endolysosomal site to achieve optimal anticancer efficacy.

In vitro Cytotoxicity Efficacy {#S0003-S2004}
------------------------------

The cytotoxicity of the NLCs formulations against HepG2 cells in vitro was evaluated using the CCK-8 assay. To demonstrate the advantage of a CSO-NG codelivery system in terms of enhancing cytotoxicity, a mixture of CSO and NG was also used as the other control group. As depicted in [Figure 1B](#F0001){ref-type="fig"} and [C](#F0001){ref-type="fig"}, free drug and NLC formulations decreased cell viability both in a dose-dependent manner. The half-maximal inhibitory concentrations (IC~50~) of the free drug, NCNLCs, NDNLCs and NONLCs formulations against HepG2 cells were calculated to be 17.766µg/mL, 5.475 µg/mL, 9.332 µg/mL and 8.319µg/mL, respectively. By comparison, the IC~50~ of NCNLCs was 3.24-fold, 1.70-fold and 1.52-fold lower relative to that of free drug, NDNLCs and NONLCs, respectively. The significant difference (*P*\< 0.05) in antiproliferative activity between the NCNLCs and free drug, shown that the NLC formulations enhance the killing of HepG2 cells and the codelivery of two drugs was critical to exert a synergistic antitumor effect. The free drug was not able to guarantee that two components entered the cells at the same time, due to their respective differences in physicochemical properties. In addition, the significant difference in antiproliferative activity between the NCNLCs with NDNLCs and NONLCs, suggested that codelivery of CSO and NG was critical to exert a synergistic antitumor effect. Obviously, our results showed that combination with CSO significantly enhanced NCNLCs efficacy with higher cytotoxicity and exhibited synergistic effects for HepG2 cells. Besides, the cell viability of blank NLCs was over 85% at all studied concentrations, showing the good safety and biocompatibility of the carriers. This experiment confirms the advantage of a dual-drug codelivery system from the perspective of an anticancer effect in vitro.

In vitro Apoptosis Efficacy {#S0003-S2005}
---------------------------

According to the design strategy of "unification of medicines and excipients", a combination of CSO and NG was able to induce cell apoptosis. To validate the idea, we investigated the induction of apoptosis by the NCNLCs, NDNLCs and NDNLCs formulations using the Annexin V-PE apoptosis detection kit. The apoptosis results in [Figure 3A](#F0003){ref-type="fig"} were showed through quadrant analysis. Events in each of the four quadrants were as follows: lower-left, lower-right, upper-right and upper-left quadrant represented viable cells, early to midstage of apoptosis, late stages of apoptosis and dead cells, respectively. When the concentration of NG was set at 10 µg/mL, there was obvious induction of apoptosis with NLCs when compared with the negative control after treatment for 24 hrs, suggesting that NG and CSO were capable of apoptosis induction synergistically using such dual-drug formulation. More interestingly, owing to the synergistic effect of CSO and NG, the NCNLCs formulation exhibited the stronger capacity to induce HepG2 cells apoptosis relative to NDNLCs and NONLCs. According to [Figure 3B](#F0003){ref-type="fig"}, the NCNLCs displayed a 2.12-fold and 9.28-fold higher than that in the cell apoptosis compared with the NDNLCs and NONLCs, respectively. These findings indicated that NCNLCs enhance the anticancer activity of NG and CSO to induce HepG2 cells apoptosis by loading dual-drug onto active"unification of medicines and excipients" carrier NLCs. The theory was capable of apoptosis induction synergistically using such CSO component-based formulation.Figure 3Apoptosis experiment of NLCs.**Notes:** (**A**) NLCs formulations induce cell apoptosis in HepG2 cells. (**B**) Total apoptosis ratio of HepG2 cells induced by NLCs formulations using the Annexin V-PE apoptosis detection kit (n=3). ^\#\#^*P*\< 0.01, ^\#^*P*\< 0.05 vs NCNLCs; \*\**P*\<0.01, \**P*\< 0.05 vs Control group.

In vivo Antitumor Efficacy {#S0003-S2006}
--------------------------

The in vivo anti-tumor efficiency of NLCs and KLT were evaluated in a xenograft model of HCC by measuring the body weight, tumor inhibition rate, spleen index, IL-6 and IL-10 levels. As shown in [Figure 4A](#F0004){ref-type="fig"}, the body weight of mice kept slight increasing during treatment period, indicating a low systemic side effect at a tested dose. As shown in [Figure 4B](#F0004){ref-type="fig"}, NCNLCs exhibited the highest inhibition rate of 70.09%, followed by KLT (54.78%), NDNLCs (39.89%) and NONLCs (35.98%). Compared to the saline treated control group, NCNLCs-treatment obviously suppressed tumor growth during treatment period. Moreover, NCNLCs was more effective in suppressing tumor growth in comparison with NDNLCs or NONLCs at an equivalent dose of NG, proving excellent anti-tumor efficacy of NCNLCs. The results showed the significantly anti-tumor effect of NG and CSO contained NLC compared with ordinary liquid lipids (*P* \< 0.05), and suggested that the synergetic effect of the two drugs produced a better anticancer therapeutic effect.Figure 4Antitumor efficacy study in vivo.**Notes:** (**A**) Changes in the body weight of mice within 10 days. (**B**) Inhibition of tumor growth in HepG2 tumor-bearing nude mice after various treatments. (**C**) The spleen index of mice after treatment. (**D**) The levels of IL-6 and IL-10 in serum of mice (n=6). ^\#\#^*P*\< 0.01, ^\#^*P*\< 0.05 vs NCNLCs; \*\**P*\< 0.01, \**P*\< 0.05 vs Control group.

As for the influence on the immune function, the weight to body ratio of the spleen was collected posttreatment to evaluate the influence of treatment on the important immune organs. The results shown in [Figure 4C](#F0004){ref-type="fig"} demonstrate that NLCs and KLT all caused a significant increase in the weight of the spleen compared with saline group (*P* \< 0.05, *P* \< 0.01). Moreover, the significantly higher spleen index of NCNLCs with other NLCs and KLT suggesting a superior effect on immune regulation. As shown in [Figure 4D](#F0004){ref-type="fig"}, NCNLCs up-regulated the expression IL-6 and IL-10 in the serum of tumor bearing mice. Moreover, significantly higher IL-6 and IL-10 levels were observed in comparison with saline group (*P* \< 0.05) and NDNLCs, NONLCs and KLT (*P* \< 0.05, *P* \< 0.01), indicating enhanced efficiency of NCNLCs in immunity and inhibiting proliferation of tumor cells and inducing tumor cells apoptosis. This result confirmed the view that the NCNLCs formulation played a significant role for effective delivery of dual-drug of cancer immunotherapy.

Conclusions {#S0004}
===========

We developed a NLC formulations using CSO as a functional liquid lipids on the theory of "unification of medicines and excipients". The optimal preparation technology was determined at a ratio of 1:5:5 (NG/CSO/glycerin monostearate, w/w/w of crude drug). The characteristics of NCNLCs were investigated, and the drug-release was found to be increased when using CSO as liquid lipids. In the meantime, NCNLCs was more superior to suppress the proliferation of HepG2 cells and induce HepG2 cells apoptosis in vitro in comparison with free NG, NDNLCs and NONLCs. Furthermore, the synergistic anti-tumor efficacy was assessed in NCNLCs to xenograft tumor mice models. The NG + CSO combination up-regulated the expression IL-6 and IL-10 in the serum of tumor bearing mice, and the significantly higher spleen index of NCNLCs all suggesting the combination played a significant role for effective delivery of dual-drug of cancer immunotherapy. This system could achieve co-delivery of NG and CSO, exert the ability of the two drugs and get the significant better tumor inhibition efficiency. Hence, the advantages of CSO as liquid lipids and auxiliary anti-tumor ingredients in NLC are very important and represents a marked advance of "unification of medicines and excipients" in anti-tumor therapy. Overall, the CSO, a fatty oil derived from the traditional Chinese medicine has effectively replaced the conventional liquid lipids. This strategy is expected to be applied in NLCs to increase anti-tumor efficiency and reduce the potential risks of supplementary materials. Further studies will be conducted to investigate the mechanism of the NG + CSO combination regulates activation, intracellular transportation, subcellular localization and their underlying mechanism in regulating carcinogenesis by our group.
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